TABLES

Introduction
This activity supports confirmation of the desigri basis for the materials of construction of process vessels and equipment used to handle the feed to the LAW-melter evaporator. BNFL process and mechanical engineering will use the information derived from this task to select material of construction for process vessels and equipment." The two materials under investigation are 316L stainless steel and Hastelloy@ C-22.
Experimental Test Conditions
Immersion Corrosion Tests
Immersion tests were carried out using the metho+ reported in ASTM procedure ASTM-G-31-72, Sti&rdfitikeforhhra&~Im&n CorrosionT&"ngfh-Mi=iA(ASTM 1998) .Thetwoalloysunder consideration are 316L an,dHastelloy@ C-22 (See Table 1 for composition.). Test specimens had dimensions of approximately 5.o by 2.5 by 0.32 cm (2 by 1 by 1/8 inch) with a hole in one end (for mounting) giving a total area of approximately 30.6 cmz. The dimensions of each specimen were measured and recorded. The specimens were cleaned by washing in soap solution, followed by a DI water rinse, and then a high purity ethanol rinse before being air dried and weighed to the nearest 0.1 mg.
Each test apparatus consisted of a 3,000-ml Teflon" container with a condenser in the center of the lid, a type-K thermocouple (sheathed in Inconel@ 600), and a magnetic stirring bar. The entire container was placed in a glass-lined resin kettle heater which was placed over a magnetic stirring apparatus for continuous agitation. The temperature was controlled at the test temperaturesusing a separate temperature controller for each container. A corrosion rack was constructed from corrosion resistant titanium for each container. Test specimenswere immersed in the test solution, suspended at the vapor-liquid interface, suspended in the vapor space above the test solution (no condensation), and suspended under the reflux condenser in the vapor space (condensation). The "specimens were insulated from each other and the rack by using Teflon@ tubing and Teflon@ spacers. One liter of each of the three test solutions was added to each test container. The test solutions and temperature conditions are identified in Table 2 . The original duration of the testswas to be 4 months, but was shortened to 100 days with concurrence from BNFL. The immersion tests started 3/22/99 and were terminated on 7-1-99 for about 100 days of immersion time. The.boiling tests required periodic additions of DI water to maintain the liquid +vel, amounting to approximately 35ml every week. The liquid depth was determined using a wire asthe depth gage and identi~lng contact with the solution meniscus by measuringthe alternating currentconductivity.
At the end of the testing period, the specimens were removed, washed in DI water and ethanol and then photographed. The specimens were then acid cleaned and evaluated in accordance with ASTM-G-1-90 and ASTNLG-31-72, and the average uniform penetration rate was calculated by weight loss. The C-22 specimens were cleaned in 10% nitric acid (60°C) for 30 minutes to remove the scale. In a number of cases, the C-22 specimens weighed a few tenths of a milligram more than the starting weight because this gentle acid treatment did not completely remove the oxide which had thickened during the test exposure. Under these conditions, the weight loss (initial weight minus final weight) was assigneda zero value to calculatethe penetration rate. The 10% nitric acid (60°C) for 30 minutes treatment was not adequate the remove the corrosion deposits on the 316L stainless steel. Therefore, the more aggressive CP-9 was employed (500 ml DI water + 500 ml concentrated HC1 +25 ml formaldehyde for 30 minutes at ambient temperature) (NACE 1976) . Weight loss measurements were carried out on blanks (uncorroded specimens) to determine metal loss from exposure to the cleaning solution, but this compensation was only needed for the 316L specimens. Each specimen was visually examined for localized attack and a visual corrosion assessment was reported. The specimens were then photographed in the cleaned condition. The photographs are shown in Appendix 2. Results of the immersion tests are presented in Section 4.0.
Electrochemical Testing
After the immersion tests were completed, the simulant solutions were then used for the electrochemical polarization tests. The potentiodynamic technique is useful to determine if there is an electrochemical potential regime where the material is prone to pitting or crevice attack. This behavior is signified by a large hysteresis loop in the current-potential plot; that is, the current on the return scan is considerably larger than the initial current (at the same potential). The current-potential plots are shown in Appendix 3 as Figures I-12. The results are discussedin Section 4.o.
Quality Control
Thiswork wasconducted inaccordance witha B~Lapproved,quali~assurmce planthat implements the requirements of 10 CFR 830.120. An approved Test Plan (Test Plan 1999) was written before the testing started. 
Test Results
The immersion testing indicates .no significant differences between the 316L stainless steel and Hastelloy@ C-22. The316L material showed some slight attack in simulant A at the vapor/liquid interface at the boiling point but depth of attack was shallow. Corrosion rates were slightly higher at the boiling point than at 500C, but the differences were not important.
The electrochemical tests, due to their complexity, require some explanation. Electrochemical testing can indicate how close the material is to failing by localized corrosion processes. It is possible to create a relatively benign environment in a weight loss test environment such that the material behaves in an acceptable manneq yet, when in the real plant environment, the fluctuating chemistry conditions can create an environment where the material has an unacceptable behavior. The potentiodynamic test permits an evaluation of whether the material is really on the edge of acceptability. The data are shown in Appendix 3 for both scans (duplicate scanswere carried out). The 'start" and "stop" data refers to the first scan, and the arrows assist in showing the direction of the first scan (whether the potential is increasing or decreasing with time). The significant characteristic in the current-potential behavior that denotes localized attack (pitting and crevice corrosion) is the hysteresis loop which forms immediately upon reversal of the potential upon reaching the maximum anodic potential. The current increase is due to pitting and crevicecorrosion that initiates and rapidly propagates but then becomes fairy independent of the potential. If the hysteresis loop does riot form until several hundreds of rr@livolts have passedasthe potential moves from the maximum potential back to the open circuit potential, this can be an indication of the electrochemical reduction of the passive film that was grown during the anodic phase of the scan. A visual examination of the electrode is necessary after the scan to insure the correct interpretation.
Except for the cases noted below, the potentiodynamic behavior indicated no localized attack was present. For the 316L material, solution C and solution B did not lead to localized attack, based on a visual specimen examination following the potentiodynamic experiment. The316L had a characteristic hysteresis loop that might denote localizedattack in solution C at 500C and the second scan at I030C, but the visual examination after the test did not indicate any localized attack. The results in solution A were similar to B and C except that one test (repeat scan) at 104"C revealed numerous incipient ,pitsthat were identified by the visual examination-the current-potential scan did not clearly indicate localized attack was present. The pits were not deep enough to characterize their depth by optical means. The author has no explanation for the three false indications-of localized attack. It was concluded that the behaviorof316L was adequate in all three test environments, replicating the results from the immersion testing.
The CZZ material showed no indication of localized attack from the current-potential behavior in all three test environments. One of the visual examinations at the end of repeat test in solution Bat 100"C iridicated a small amount of crevice attack under the gasket (too shallow measure), but this behavior was not observed on the first test. Only the second scan is shown for the data in Figure  A3 -14 because during the first scan, the electrical leads to the working electrode and counter electrode were accidentally crossed. It was concluded that the behavior of C22 was adequatein all ' three test environments, replicating the results from the weight loss testing.
Conclusions
The wei,ght loss results and visual observations indicate that there are no corrosion problems associated with the Hastelloy@ C-22 in the environmental conditions studiedin this test program. On two occasions, there were a few shallow pits obse~ed but they were too shallow to measure (below 0.0005 inches or 0.01 mm depth). The electrochemical results support the weight loss results.
The 316L material also shows no corrosion problems except at the vapor/liquid region of simulant A under boiling conditions, and here the rate was a negligible 0.5 mpy (.01 mm/y). More importantly, there was no knifeline attack observed at this region. 
Figure A2-1. Specimens exposed to SimulantAat50°C, after cleaning. 
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